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Abstract 
The shoreline vegetation ofLake Nubia in Sudan was studied by means of morphological 
characteristics and functional traits of plants established-phase  published in literature re- 
views. The 57 species recorded in 83 sampling sites were classified according to 15 morpho- 
logical traits into six Plant Functional Types (PFTs), using Two Way Indicator Species Anal- 
ysis (TWINSPAN). Principal component analysis (PCA) was used to evaluate the homo- 
geneity of these groups in terms of their traits. The resulting PFTs were related to the 
physicogeographical variables measured (soil texture, soil moisture, soil thickness and ele- 
vation) using canonical correspondence analysis (CCA). The ratios in occurrences of the 
functional types were calculated per each moisture segment, and can be used as an indicator 
of the shoreline dynamics. 
Key words: High Dam Lake - Lake Nasser - Egypt - Sudan - PCA - CCA - disturbance - 
stress - competition 
Introduction 
The High Dam Lake (HDL) was created as result of the 
construction of the Aswan High Dam (AHD) in the 
1960's. It extends for 480 km from the High Dam in 
Egypt to the Dal Cataract in Sudan (Fig. 1), 300 km 
within the Egyptian borders (as Lake Nasser; 
22 ° 00'N-23 °58'N latitudes and 31 ° 19'-33 ° 19' E lon- 
gitudes), and 180 km within the Sudanese borders (as 
Lake Nubia; 20 ° 27'-22 ° 00' N latitudes and 30 ° 
35'-31 ° 14' E longitudes). The total surface area is 
6276 km 2 (5237 km 2 as Lake Nasser and 1039 km 2 as 
Lake Nubia). The average width is about 13 km (Lake 
Nasser, 18 km; Lake Nubia 10 km) and the average 
depth of the whole lake about 25 m (AH 1980). 
The Lake Nubia region is a true desert with not only 
scanty rainfall, but also with extremely irregular and 
variable rainfall (KASSAS 1955). The Lake Nubia region 
is situated in the contact zone of two extensive geologi- 
cal formations. The Nile Valley north of the 2rid Cataract 
belongs to the Mesozoic Nubia Sandstone Formation, 
and south of the 2nd Cataract i is a part of the ancient 
Basement Complex (BARBOUR 1961). The alluvial silty- 
loam or clay terraces form a narrow strip along the lake 
shore, varying from a few metres to about 2 km in width. 
Siltation has been confined to Lake Nubia, and particu- 
larly heavy siltation occurs in the area between 360 km 
and 430 km south of the dam (ABu-ZAID 1987). 
The Aswan High Dam (AHD) was constructed pri- 
marily to benefit he downstream part of Egypt by con- 
trolling annual floods, by providing irrigation to about 
two million feddans and by generating electricity. Unfor- 
tunately, the dam's construction tends to encourage 
human development onfloodplains of the Nile because 
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Fig. 1. Locality map of Lake Nubia showing the location of the 15 sites studied and their distances (km) south of the Aswan High Dam in 
brackets. 
the risk of flooding is now very predictable. In Egypt, the 
Lake Nasser egion, which was previously an undevel- 
oped desert, is starting to develop. Lake Nasser has creat- 
ed considerable possibilities for fisheries, navigation, 
agriculture and tourism (BISHAI et al. 2000), although 
Lake Nubia in Sudan remains largely undeveloped. 
Dams have a range of possible ffects depending on 
the reservoir size and operation regime. In general, dams 
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reduce the seasonal and inter-annual variation in stream 
flow, with potentially serious consequences for riparian 
and aquatic ecology. Moreover, they reduce incidence of 
extreme floods and droughts, so reducing the occurrence 
of harsh environmental conditions (KONDOLF 2001). 
Regulated water bodies have distinct features associ- 
ated with them. In particular, hydroelectric reservoirs are 
characterised by an array of geomorphologic features, 
soil types and environmental f ctors and tend to be much 
steeper-sided than other lakes (R~RSLETT 1988; 
SPRINGUEL et al. 1991). Erosion of the littoral zone is a 
natural phenomenon occurring in regulated water bodies 
and is often linked closely with wave action (SMITH et al. 
1987). In regulated lakes, the distribution of species is 
strongly related to the moisture gradient and to soil com- 
position (SPRINGUEL et al. 1991). 
MURPHY (1990) and ALI et al. (1995) have shown 
how particular types of vegetation are related to the 
markedly fluctuating environment. The plants them- 
selves exhibit a wide range of growth habits, which, to- 
gether with large plasticity in somatic adaptation, often 
produces awide range of phenotypic expression (DAW- 
SON 1988). The use of species' traits to assemble species 
into coherent groups has recently been successful inpro- 
viding a novel means of studying the ecology of a wide 
range of vegetation types (GRIME et al. 1988; LEISHMAN 
& WESTOBY 1992; Bourn  & KEDDY 1993; HODGSON et 
al. 1995; ALI et al. 1999). Research as been carried out 
to identify plant functional types (PFTs) on the basis of 
the structural and the functional characteristics ofplant 
species (e.g. HILLS et al. 1994; DfAZ et al. 1998; GARC[A- 
MORA et al. 1999; ALI et al. 1999). 
Plant function types have been widely proposed as an 
ecological alternative to traditional taxonomic entities, 
by assessing the probable impacts of potential environ- 
mental changes on ecosystems (LEISHMAN & WESTOBY 
1992; BOUTIN & KEDDY 1993; CHAPIN et al. 1996; SHAO 
et al. 1996; SKARPE 1996; GITAY & NOBLE 1997). Some 
ecologists (e.g. HEAL & GRIME 1991) feel that classical 
taxonomy will eventually have to give way to functional 
classification. 
Much research as suggested that traits or character- 
istics associated with plant size are fundamentally relat- 
ed to many ecological aspects of plants. AL-MUFrI et al. 
(1977) found that dominant plants tended to have the 
greatest biomass. GIvyIs~ (1987) proposed that plants 
with leaves higher up in the canopy would be more com- 
petitive for light. MENGES & WALLER (1983) found that 
the maximum plant height was related to fast growing 
competitive species. HILLS et al. (1994) showed that as- 
pects related to the size of the plant, in particular height, 
are of fundamental significance in determining the ecol- 
ogy of plant species. 
This work was carried out to produce afunctional as- 
sessment of plant communities using simply measurable 
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variables. Thus, in this case, although physiological 
traits would potentially be of more fundamental value, 
they would require too much specialist expertise to iden- 
tify them (HmLS et al. 1994). It was thus decided to try to 
use the relatively simply measured morphological traits, 
and their underlying association with physiology, as the 
data source for a functional assessment. The objective is 
to formulate a classification of plant populations into 
groups and to analyse the differences in traits and ecolo- 
gy between groups. 
The objectives of the present study are to identify the 
main vegetation types in relation to shoreline dynamics 
and to the main environmental factors that determine 
the structure and function of the Lake Nubia ecosys- 
tem, rather than according to taxa, and to use these 
plant group spectra s predictors of shoreline condi- 
tions. 
Materials and Methods 
In total, 24 transects at 15 sites were studied along the 
Lake Nubia shores, a distance of 180 km, during the pe- 
riod from 13 to 26 July 2001. 
Sampling and physicogeographical variables 
measured 
Using data on water level fluctuations during the past 
few years (1994-2001), and by base levelling using a 
Theodolite apparatus, four moisture gradient zones were 
recognised (Fig. 2): 
1) Wet Zone 'A' (frequently inundated and recently 
exposed zone): The main part of the zone has been ex- 
posed for only a short period (31% of the period from 
1994-2001). Hence, it is too freshly exposed and too wet 
to support any vegetation (175.9-176.9 m above mean 
sea level = MSL); 
2) MoistZone 'B' (periodically inundated zone): most 
of the zone has been exposed for a longer period (44% of 
the period from 1994-2001) than the wet zone 
(176.9-180.3 m above MSL); 
3) Semi-dry Zone 'C' (rarely inundated): this is ex- 
posed most of the time (91% of the period from 
1994-2001), and only the lower edge of the zone was in- 
undated, in 1998 and again in 1999 for short periods 
(180.3-184.8 m above MSL); and 
4) Dry Zone 'D'(never inundated): this is exposed for 
100% of the period from 1994-2001 (<184.8 m above 
MSL). 
In each zone at each site, vegetation was sampled 
from five randomly located 1 m 2 quadrats, and average 
cover abundance percentages were determined for each 
species. Soil texture and thickness of the deposits were 
measured for each zone at each site. 
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Fig. 2. Seasonal and longer-term water level flood patterns of Lake Nubia since impounding the River Nile in 1964 to 2001 and moisture 
zones recognised in relation to mean monthly water level fluctuation in Lake Nubia in the period from 1994-2001. 
Plant traits 
Information was taken from the published literature (e.g. 
TACKHOLM 1974; BOULOS 1999, 2000) on a wide range 
of established-phase traits for the 57 species registered 
in this study. A list of traits was synthesised own 
(Table 1) to one on which information was available for 
the encountered species, or the characteristic was ob- 
served in the field by the author. Characteristics shared 
by a large number of species were selected, and those 
found in only a few taxa (e.g. flower colour, spines), or 
poorly known at the species level (e.g. CAM 
metabolism, root architecture), were rejected. In total, 
15 traits were used. Continuous variables or multistate 
attributes (e.g. shoot height, persistence) were trans- 
formed into fuzzy scores (CI4EVENET et el. 1994). This 
generated 30 attributes in total (Table 1). Binary fuzzy 
scores of 0 and 1 were allocated to each attribute, with 0 
indicating the absence of the attribute, and 1 indicating 
its presence. While physiological traits are poorly repre- 
sented, it is recognised that this is not ideal and it is ac- 
cepted that they play an important role in any functional 
classification. It is likely, however, that grouping by the 
selected traits will reflect some of the underlying physi- 
ological characteristics of the group. Morphological 
traits have proved useful indicators of assessing environ- 
mental conditions (ALl et el. 1999). 
Data analysis 
A non-polythetic hierarchical classification technique 
(Two Way Indicator Species Analysis - TWINSPAN; 
HILL 1979), an option in the VESPAN statistical package, 
was used to identify groups of species with similar mor- 
phological traits. The species' clusters were assumed to 
represent plant functional types (KEDDY 1992). Principal 
component analysis was used to evaluate the homogene- 
ity of these groups in terms of their traits (CANOCO for 
Windows version 4.0, TEn BRAAK & SMILAUER 1998). 
The average species' cover percentage was used at each 
site to calculate the proportion of each group comprising 
the community at a site. This then gives a plant functional 
types (PFTs) ( sites matrix. In order to relate the PFTs to 
the measured environmental parameters, a Canonical 
Correspondence Analysis (CCA) was performed using 
the CANOCO programme for Windows version 4.0. En- 
vironmental factors here are nominal variables represent- 
ed by dummy classes. The zone moisture was dealt with 
as multiple regression (MONTGOMERY & PECK 1982) by 
defining four dummy environmental variables according 
to elevation above water surface (metres above MSL) and 
inundation frequencies ("wet", "moist", "semi-dry" and 
"dry"). Soil texture comprised five dummy environmen- 
tal variables ("silty-loam", "loam", "sandy loam", 
"sand", and "gravelly sand"). The thickness of the zone 
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Table 1. Established-phase traits taken from the published literature 
(TACKHOI_M 1974; BOULOS 1999, 2000). 
Traits Attribute Code 
Life form terrestrial LFT 
amphibious LFA 
Persistence annual PA 
short-lived perennial PS 
perennial PP 
Stem erect SE 
weak (prostrate or twining) SW 
Height of shoot (m) plant 0.0-0.1 m H~ 
plant 0.1-0.5 m H2 
plant 0.5-2.5 m H3 
plant >2.5 m H4 
Branching unbranched UB 
richly branched RB 
branched from base BB 
Below-ground s tem present/absent SBG 
Canopy- fo rmer  present/absent CF 
Root architecture shallow fibrous / thin tap SR 
deep spreading and/or thick tap DR 
Leaf area small (< 5 cm 2) LAS 
medium (5-45 cm 2) LAM 
large (>45 cm 2) LAL 
Leaf rigidity soft LBS 
fleshy/succulent LBF 
rigid LBR 
Leaf surface glabrous LSG 
pubescent/hairy/bristle LSH 
Vigorous seed production present/absent VSP 
Seed size small seeds (<1 mm) SSS 
medium seeds (1-5 mm) SSM 
large seeds (>5 mm) SSL 
sediments was represented bytwo dummy environmental 
variables ("thick deposits" and "thin deposits"). 
In this paper, the groups are called plant functional 
types, and are defined as a set of species haring similar 
structural nd functional ttributes (Box 1996). They ex- 
hibit similar esponses to environmental conditions that 
can usefully be lumped into groups by multivariate clas- 
sification (SMITH et al. 1995), through which ecosystem 
behaviour can be interpreted and predicted (SMITH et al. 
1997). 
Resu l ts  
Hydro logy 
In Lake Nubia there is an annual cycle of water level 
changes which is related to the seasonal f ood pattern of 
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Fig. 3. Yearly amplitude of water level fluctuation in the period from 
1964-2001. 
the River Nile, together with a longer-term pattern of the 
net rise and fall of the mean lake level. The annual flood 
occurs in late summer to early autumn. The lake water 
level regime is dependent on the flood pattern of the 
River Nile system. All the year, the lake receives a 
steady flow, which comes from the tropical rainy dis- 
tricts of Uganda nd Tanzania through the White Nile. 
The water level in the reservoir increases in July, and 
reaches its maximum in November and December each 
year, owing to an increase in the flow from the Blue Nile 
and Atbara River, which come from the summer rainfall 
areas of the Ethiopian Plateau. After that, it decreases 
gradually until the second half of July. When new flood 
water eaches the reservoir, the level starts to increase 
again. After the construction of the High Dam in the 
1960's, water level increased from 119.1 m above mean 
sea level (MSL) in 1964 to 177.4 m above MSL in 1978, 
it then decreased tothe lowest water level so far record- 
ed in the lake (150.6 m above MSL in 1988), before in- 
creasing again to the highest level to date (181.5 m 
above MSL in 1999) (Fig. 2). 
The yearly amplitude of water level fluctuations i
shown in Fig. 3. High fluctuation amplitudes (ranging 
from 17.1 to 20.8 m year 1) were recorded in the period 
from 1964 to 1966 during the filling up of the reservoir. 
Another high fluctuation amplitude was recorded later in 
1988, when the water level dropped suddenly to its low- 
est value (150.6 m above MSE) with an amplitude of 
18.3 m year-k In the past few years (1994-2001), the 
yearly fluctuation amplitude of the water level has re- 
duced, and became very low in 2000 (0.8 m year -1) and 
again in 2001 (0.9 m yeaF1). 
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Plant functional types (PFTs) classification 
In total, 57 species were recorded in 83 stands. At the 
first hierarchic division level (eigenvalue = 0.289), 26 
perennial species of heights that ranged between 0.5 and 
2.5 m were grouped into a cluster. The remaining species 
(n = 31) were indicated by annuals with a small eaf area 
(<5 cm2), and heights that ranged between 0.1 to 0.5 m. 
Table 2. Plant Functional Types (PFT)resulted from TWINSPAN clas- 
sification of the 57 species recorded using their morphological estab- 
lished-phase traits taken from published literature. 
PFT 1 (n = 5) 
Indicator morphological traits: 
H4, DR, CF, LAS, LBF, SSL 
PFT 3a (n = 7) 
Indicator morphological traits: 
PP, RB, BB, LBR, LSG 
1 Acacia nilotica 9 Fagonia indica 
3 Calotropisprocera 32 Coronopus nfloticus 
14 Mimosa pigra 23 Amaranthus bfitoides 
21 Salso/a imbricata 43 Haplophyllum tuberculatum 
22 Tamarix ni/otica 46 Hypericum triquetrifo/ium 
48 Oligomeris linifolia 
PFT 2a (n = 8) 57 Trigonella glabra 
Indicator morphological traits: 
LFA, PP, UB, SBG, LBR PFT 3b (n = 12) 
Indicator morphological traits: 
UB, LAM, LSH 8 Desmostachya bipinnata 
11 Imperata cylinderica 
13 Ludwigia erecta 
15 Persicaria lanigera 
16 Persicar/a senegalensis 
17 Phragmites australis 
20 Panicum repens 
36 Cyperus aleopecrouides 
PFT 2b (n = 13) 
Indicator morphological traits: 
LFT, PA, RB, BB, LBF, LSH, SSM 
2 Aervajavanica 
4 Cardiospermum hafcacabum 
5 Citrullus colocynthis 
7 Cocculus pendulus 
10 Hyoscyamus muticus 
.12 Leptoch/oa fusca 
19 Pu/icaria crispa 
26 P/uchea dioscorides 
30 Brassica toumefortii 
33 Chenopodium urale 
51 Rumex dentatus 
54 Solanum incanum 
56 Sorghum dura 
25 Ambrosb mafitima 
27 Puficaria incisa 
28 Amaranthus viridis 
31 Ceruana pratensis 
8 Echium rauwolfii 
39 Edipta alba 
42 5naphalium letuo-a/bum 
47 Lotus arabicus 
49 Polypogon monspeliensis 
52 Senedo vulgaris 
53 Senedo aegyptius 
55 Solanum nigrum 
PFT 4 (n = 12) 
Indicator morphological traits: 
SW, H1, BB 
18 Polygonum plebejum 
27 dlinus /otoides 
28 Astagalus voge/ii 
34 Crypsis acu/eata 
35 Crypsis choenoides 
37 Cyperus michelianus 
40 Eragrostis aegyptiaca 
41 Fimberistylis bisumbellata 
45 Hemiaria hirsuta 
50 Portulaca oleoracea 
6 Coccinb absyssinca 
44 Heliotropium supinum 
At the second ivision level (eigenvalue = 0.31), the 
first cluster splits into PFT1 (n = 5) and PFT2 (n = 21). 
PFT1 includes hrub or tree species of heights of more 
than 2.5 m forming canopy, with a deep spreading and/or 
thick tap root, leaves with a small area (<5 cm 2) and a 
soft blade, and large size seeds (>5 cm2). PFT2 (n = 21) 
includes pecies that had shallow fibrous roots and pref- 
erential traits such as amphibious annual ife forms, 
heights that ranged between 0.5 and 2.5 m, an un- 
branched stem with below ground growth, and a medi- 
um size leaf area. 
The second cluster (n = 3 I) resulting from the first 
level was divided (eigenvalue = 0.229) into PFT3 
(n = 19) and PFT4 (n = 12). PFT3 was characterised by
preferential traits such as erect unbranched stems of 
heights ranging between 0.1 and 0.5 m and a medium 
size leaf area (0.5- 45.0 cm2). PFT4 (n = 12) included 
species of a weak prostrate basal branched stem and of 
heights that did not exceed 0.1 m. 
At the third division level, the larger groups PFT2 and 
PFT3, were subsequently divided into two subgroups 'a' 
and 'b'. PFT2a (n = 8) was indicated by a below ground 
stem and characterised bypreferential traits such as hav- 
ing perennial amphibious life forms, and an unbranched 
stem with a rigid leaf. PFT2b contained 13 species and 
was indicated by being terrestrial with preferential traits 
(e.g. annuals, richly or basal branched stem, fleshy leaf 
blade with pubescent hairs or bristles on the surface, and 
a medium sized seed). PFT3a (n = 7), was indicated by 
short-living perennials with glabrous leaves, and having 
preferential traits such as richly and basal branching and 
rigid glabrous leaves. In contrast, PFT3b contained 12 
species and was indicated by annual growth, un- 
branched, pubescent, hairy or bristle leaf surfaces, and a 
vigorous seed production. The species distribution 
amongst the six groups is shown in Table 2. 
The principal component analysis diagram (Fig. 4) 
shows the 57 species ordinated by their traits. The plant 
functional types recognised by the cluster analysis are 
both well separated from each other and are individually 
compact, with little interference between PFT1 and 
PFT2b, or between PFT2b and PFT3a, or between 
PFT3a and PFT3b. 
Plant functional types (PFTs) and moisture zones 
Fig. 5 shows the relative occupation value of the plant 
functional types (PFTs) in each moisture zone. This 
value is obtained by multiplying the average cover per- 
centage by the average frequency percentage of species 
belonging to each PFT in each zone. All PFTs were rep- 
resented in each of the four moisture zones, except 
PFT3a, as none of its species was recorded in zone 'A'. 
PFT 1 included tree and shrub species (e.g. Tamarix 
niIotica, Acacia niIotica, Calotropis procera; see 
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Fig. 4. Principal Component Analysis 
(PCA) of Lake Nubia shoreline vegetation 
ordinated by their established-phase traits. 
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number (for species names see Fig. 1). Plant 
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Fig. 5. Occupation values of plant functional types in each of the 
moisture zones. 
Table 2) which dominated the semi-dry zone 'C', where 
Tamarbc nilotica was the main vegetation component. 
PFT2a contained amphibious perennial species (e.g. 
Desmostachya bipinnata, Imperata cylindrica, Phrag- 
mites australis, Persicaria senegalensis; Table 2), and 
dominated moisture zone 'B', where Persicaria sene- 
galensis and Persicaria lanigera were the most frequent 
and abundant species. PFT2b comprised bush species 
(e.g. Aerva javanica, Pulicaria crispa, Solanum in- 
canum; Table 2). PFT2b was the dominant vegetation 
type in the dry zone 'D', where Hyoscyamus muticus 
was the most abundant and frequent species. PFT3a 
contained smaller size species uch as Fagonia indica, 
Amaranthus blitoides and Trigonella glabra (Table 2). 
PFT3b consisted of annual herbs (e.g. Pulicaria incisa, 
Amaranthus viridis, Eclipta alba, Ambrosia maritima, 
Table 2). The last two groups PFT3a and PFT3b had low 
occupation values and did not dominate any of the four 
moisture zones. PFT4 included mainly graminoides and 
sedges, and was dominated by the occurrence of short- 
lived perennials Glinus lotoides and Heliotropium 
supinium. It was the dominant plant functional type in 
the wet zone 'A' and co-dominant in the moist zone 'B'. 
Soil and moisture zones 
The soil texture of 74% of zone 'A' sites and 64% of 
zone 'B' sites was silty-loam, while the texture of the 
rest of the sites was either loam or sandy-loam. Sandy 
texture characterized many sites (82%) in zone 'D' and 
the remaining 18% of sites were gravelly-sand in tex- 
ture. Sites from zone 'C' were characterised byvarious 
types of texture: 29% of the sites had silty-loam; 25% 
had gravelly-sand; 17% had loam; 17% had sandy-loam; 
and 13% had sand. 
Deposits were thick at the bottom edge of transects 
and became thinner going toward the top. In zones 'A' 
and 'B' (87% and 84% of sites, respectively) the soil was 
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characterised bythick deposits. On the contrary, sites in 
zone 'D' were characterised bythin deposits. More than 
half of the sites (54%) in zone 'C' had thick deposits. 
Plant functional types - physicogeographical 
variables relationships 
The CCA ordination diagram (Fig. 6) shows the PFTs in 
relation to the environmental variables measured. From 
the CCA ordination diagram, one may infer that PFT2b 
dominated the plant community from the dry zone 'D' 
which was characterised bythin sandy deposits. PFT1 
dominated the plant communities of semi-dry zone 'C'. 
Most of the sites representing the semi-dry zone 'C' 
were characterised bythin gravelly sand deposits. How- 
ever, some sites had thick sandy loam deposits, or loams 
of moderate hickness. PFT2a and PFT3b dominated the 
vegetation i a few sites from the wet zone 'A' and the 
moist zone 'B'. PFT4 comprised species that were dom- 
inant in most of sites in the wet zone 'A' and the moist 
zone 'B'. 
The CCA ordination diagram (Fig. 6) indicates that 
sampling sites are characterised bya coarse soil texture 
(gravelly-sand, sandy-loam orloam) and moderate soil 
thickness. These were mainly from the semi-dry zone 
'C'. Sampling sites from the wet zone 'A' and the moist 
zone 'B' were characterised bythick soils of a silty-loam 
texture. Sites sampled at the dry zone 'D' were charac- 
terised by thin sandy soils. 
Discuss ion 
Although many authors have studied Lake Nasser vege- 
tation (e.g. MURPHY et al. 1990; SPRINGUEL et al. 1991; 
ALI et al. 1995; Am 2000), no attention has been given to 
Lake Nubia vegetation. Before construction ofthe High 
Dam in 1962, AHT~ et al. (1973) reported on the flora of 
the region during the Finnish Biological Expedition to 
Nubia, and PETT~Z et al. (1964) carried out a bioclimatic 
flora and fauna survey of the Wadi Halfa area in the 
same year. 
FmDEL et al. (1988) noted several advantages when 
using the relative proportions of functional groups to de- 
fine conditions in arid range lands: 
a) using attributes to define numerically the function- 
al groups eliminated variations in the way an ecologist 
may assign species to groups; 
b) it simplified complex species data-sets down to 
ecologically sensible groups that were then more easily 
understood, particularly in the forum of vegetation 
change; 
c) the technique was robust enough for the workers 
scoring the attributes to be able to do so without a de- 
tailed knowledge of the species autoecology. 
ABERNETHY (1994) added that subjectivity is reduced 
by the numerical basis of the classifications, and data- 
sets are clarified without a loss of ecologically important 
information. However, as morphological traits were 
found to be indicators of environmental conditions 
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Fig. 6. Canonical Correspondence Analysis 
(CCA) ordination biplot of Plant Functional 
Types (0) and the 83 sites (O)in relation 
to the nominal environmental classes: 
moisture zones (wet, moist, semi-dry and 
dry), deposits texture type (silty-loam, 
loam, sandy loam, sand and gravelly sand), 
and deposits thickness (thin and thick). At 
each site ordinate, number of sites sharing 
the same point is shown in brackets and is 
proceeded by a letter, which indicates site 
elevation above MSL (A = 175.9-176.9 m, 
B = 176.9-180.3 m, C = 180.3-184.8 m 
and D = <184.80 m). 
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(ABERNETHY 1994; HILLS et al. 1994; ALI et al. 1999), a 
sound knowledge of species autoecology would seem to 
be the best basis on which to build a classification 
(FRIEDEL et al. 1988). 
KZDDY (1992) stated that one may postulate that raits 
which determine the presence, or absence, of specific 
PFT deal largely with traits directly related to environ- 
ment (e.g. aeronchyma to tolerate flooding, thick bark to 
tolerate fire). In riverine wetland sites, it is common to 
find a diverse representation f PFTs at a single site, due 
to the variable nature of the habitats in terms of competi- 
tion, stress and disturbance pressures (ABERNETHY 
1994). Similarly, in the present study, each of the prede- 
termined gradient moistures zones contained various 
PFTs of different proportions. 
PFT4, which dominated the wet zone 'A', contains 
plants that survive the harsh conditions of repeated 
flooding. This renewed isturbance usually destroys the 
vegetation. PFT4 includes plants with a shallow root 
system or a tap root with only relatively thin small ater- 
al branches which are prone to uprooting under condi- 
tions of fight erosion. PFT2a, which dominated the 
moist zone 'B', survives the harsh conditions of distur- 
bance by possessing below-ground rhizomes or stolons, 
with vertically emergent shoots that provide a strong an- 
choring system to protect them from repeated inundation 
disturbance pulses (e.g. Phragmites australis, Persi- 
caria senegalensis, Persicaria lanigera). As is known in 
classification analysis, not all associated traits are fully 
represented by every species belonging to a cluster. 
Also, because continuous characteristics have been clas- 
sified as binary variables, there is no sharp division in all 
PFTs resulted. For example, PFT2a, which is dominated 
by the functional trait 'below-ground stem growth', in- 
cludes Ludwigia erecta, a species without a below- 
ground stem. In this study, the persistent plants of vari- 
ous PFT2a and PFT4 as described, were those which 
were able to continue with an input of propaguels, or to 
produce alarge number of seeds that were dispersed by 
lake water, respectively. Similar findings were noticed 
by GARC[A-MORA et al. (1999) in their study of PFTs in 
coastal foredunes inthe Gulf of Cadiz, Spain. 
MENGES • WALLER (1983) found that the tallest and 
most competitive flood plain forest plants tended to be 
found in high elevation zones, which were relatively in- 
frequently flooded. This work supports the findings of 
the present study, where the tall competitive trees and 
shrubs of PFT1 (e.g. Acacia nilotica, Tamarix niIotica) 
dominated the semi-dry zone 'C'. Also, plants of PFT1 
possess competitive characteristics such as having a 
well-developed network of roots which guarantees a con- 
tinuous water and nutrient supply (GRIME et al. 1988). 
PFT1 probably reflects the competition pressures present 
at these sites. They increase their cover on the more sta- 
ble patches when flooding is much more infrequent. 
Plant functional types in Lake Nubia 313 
There has been ample documentation f the relation- 
ships between the extent of flooding and the composi- 
tion of shoreline plant communities (HILL et al. 1998). 
The present study suggests that competitive hierarchies 
may be correlated with zonation patterns along the mois- 
ture gradients of intertidal shores (WILSON & KEDDY 
1986). In the present study, plants pread over the semi- 
dry zone 'C' under the more favourable nvironmental 
conditions when the water level retreats but an adequate 
water supply remains. These plants likely enter into 
competition if stands hould grow dense. If time per- 
mits, such patches will follow a secondary succession. 
Normal water level fluctuations prevent the establish- 
ment of woody plants, and extreme draw-downs allow 
for a periodic recruitment from shoreline seed banks 
(HILL et al. 1998). The reduction in Lake Nubia water 
level, after the high water level in 1978, allowed for the 
establishment of the Tamarix nilotica wooded vegeta- 
tion. At low amplitudes of within-year water level fluc- 
tuations in the semi-dry zone 'C', shrubs (Tamarix nilot- 
ica) and other large species (Acacia nilotica) dominated 
the shoreline and excluded many smaller species. The 
reduction of peak floods and higher minimum river 
flows is often followed by the succession from a herba- 
ceous to a woody vegetation (HmL et al. 1998). 
In the present study, the zones represent different 
stages of vegetation dynamics along the Lake Nubia 
shoreline: a) seedlings tage in the wet zone 'A'; b) a 
herbaceous - amphibious stage in the moist zone 'B'; 
and c) a woody stage in the semi-dry zone 'C'. 
Because the dry zone 'D' was not affected by the 
water level fluctuations, it comprised the original desert 
plants (e.g. Aerva javanica, CitrulIus colocynthis) of the 
area before the formation of Lake Nubia (AHTI 1973). 
The important physical facts were soil texture and el- 
evation. These results are consistent with those found by 
previous workers (e.g. RORSLETT 1988; SPRINGUEL et al. 
1991). In this study, the hypothesis has been generated 
that different water level regulation regimes have result- 
ed in PFTs in littoral zones that vary in their composition 
according to different hydrological systems. This hy- 
pothesis has arisen from the results of the multivariate 
analysis (canonical ordination) which showed that a cer- 
tain PFT is significantly correlated with environmental 
factors (such as soil texture), which are in turn caused by 
particular water level regimes. 
The present study indicates that Lake Nubia Shoreline 
vegetation is a product of interactions between hydrolo- 
gy and soil composition, overlain by influences of 
human water management manipulation. The alteration 
in the hydrology of Lake Nubia has resulted in differ- 
ences in the PFT(s) that dominate ach elevation (mois- 
ture) zone. The lower wet 'A' zone and the moist 'B' 
zone are characterized bya fine soil texture (silty-loam) 
that has formed due to siltation. Silt deposition covers 
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wider areas, depending on the size of the flood (ABu- 
ZAID 1987). The littoral semi-dry zone 'C '  comprises 
sites of various riverine substrate habitats that were 
characterised by a coarser soil texture (e.g. ranging from 
a thick to a thin sandy-loam, loam or gravelly-sand). 
Such variations in soil texture may occur because of the 
high amplitudes in water level fluctuations and exposure 
to waves, as happened in the floods of 1987 and 1999, 
for example. Soil characteristics an be important for 
plant distribution and abundance (HASLAM 1978). The 
causes for these relations with the substrate may be both 
indirect, via water movement regimes that create these 
substrates, or direct due to rooting patterns (MADSEN & 
ADAMS 1989). 
The present study indicates that by knowing the plant 
functional type(s) which dominate any particular eleva- 
tion zone of the Lake Nubia shoreline, one may predict 
the hydraulic history of the zone and its possible effects 
on the substrate. This finding is a simple but useful tool, 
which can help environmental managers and decision- 
makers to choose the most suitable zone for various pro- 
posed developmental projects. Informed decision-mak- 
ing will reduce the environmental impacts of large lake 
such as High Dam Lake. 
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